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[57] ABSTRACT

A method of fabricating articles, such as an oxide ceramic
article, is disclosed. The method includes cutting an oxide
ceramic workpiece in a cutting zone and applying a cutting
fluid to the cutting zone. The cutting fluid includes an
aqueous solution which contains a sufficient amount of a
boron compound to effectively provide lubrication. The
boron compound is selected from the group consisting of
boric acid, alkali metal borates, aluminum borate, and mix-
tures thereof. A method of fabricating articles, which
includes cutting a workpiece in a cutting zone with an oxide
ceramic cutting point and applying a cutting fluid to the
cutting zone is also disclosed.
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1
METHOD OF FABRICATING ARTICLES

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method of fabricating
articles. More particularly, the invention relates to cutting
oxide ceramic workpieces or to cutting workpieces with an
oxide ceramic cutting point.

BACKGROUND OF THE INVENTION

Structural ceramics typically have many properties, e.g.,
high strength at elevated temperatures, excellent resistance
to chemical degradation and wear, and low density, that
make them attractive materials for many high performance
applications. High fabrication costs and uncertain reliability,
however, create considerable barriers to the utilization of
these materials. Both the cost and performance of ceramic
materials are strongly influenced by machining operations.
Machining costs make up a large component of the cost of
structural ceramics, sometimes constituting as much as 90%
of the total fabrication costs. In addition, the performance
and reliability of ceramic articles are strongly influenced by
the presence of machining-induced damage.

Ceramic materials are generally more difficult to machine
than metals. Ceramic materials are defined as non-metallic
inorganic materials which are formed via high temperature
processing. Because of their hardness, the machining of
ceramic materials usually requires a normal (feed) cutting
force that is higher than that required for metals. Addition-
ally, while metals are ductile, ceramic materials are typically
quite brittle. As a result of these factors, the machining of
ceramic materials is likely to produce machining-induced
damage in the finished ceramic article and lead to increased
cutting tool wear rates (in comparison to metals). Overall,
the machining of ceramic materials places stringent
demands on the performance of cutting tools and cutting
fluids. The latter are customarily used to provide cooling and
lubrication during machining operations.

Where possible, it is preferable to carry out the machining
of ceramic materials through conventional cutting opera-
tions, such as turning, milling or drilling. These operations
are capable of producing articles with high precision. For
example, turning of ceramic materials using a single dia-
mond cutting point is typically employed to produce highly
smooth and precise surface contours for specialized appli-
cations, such as optical components. However, with cutting
operations such as turning, special precautions to minimize
tool wear are required. Damage to the cutting point may lead
to a failure to achieve desired tolerances and can contribute
to an increase in the machining-induced damage in the
finished ceramic article.

Many ceramic materials are too hard to be machined by
cutting techniques and may only be fabricated by abrasive
machining operations, such as grinding and polishing, which
are characterized by low productivity. As a result, the use of
such ceramics is often not favored in comparison to metal
superalloys, which may be fabricated more readily. In order
for ceramic materials to compete directly with metals in
many high performance applications, significant advances in
machining techniques to permit the rapid, economical fab-
rication of ceramic articles must occur.

Most nitride and carbide ceramics are too hard to be
machined using cutting techniques. Oxide ceramic materi-
als, which typically are somewhat easier to machine, offer
more promise as potential workpieces for these rapid
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machining methods. An oxide ceramic is defined to be any
ceramic material, which includes a substantial amount, i.e.,
at least about 20%, of an inorganic oxide (e.g., alumina,
silica, aluminosilicate or zirconia). There is considerably
more experience with the design and fabrication of oxide
ceramics than with other ceramic materials. In addition, for
many applications oxide ceramic materials may possess
better resistance to chemical degradation than metal alloys
or other ceramics. Further, oxide ceramics are, as a rule,
substantially less expensive than nitride or carbide ceramics.
In view of these advantages, oxide ceramics appear to offer
the most potential to satisfy the demand for readily and
economically fabricated ceramic materials.

In comparison to abrasive methods of machining ceram-
ics, such as grinding or polishing, cutting operations typi-
cally generate higher levels of machining-induced damage
in a finished ceramic workpiece. In order to permit ceramic
articles to be routinely fabricated, cutting methods which
avoid excessive machining-induced damage to the work-
piece and achieve acceptable tool wear rates must be avail-
able.

In cutting a ceramic workpiece, the removal of material
occurs in the cutting zone, i.e., the interface between the
cutting point (or points) and the workpiece surface. In this
interaction, the workpiece surface undergoes elastic and
plastic deformation, followed by the fracture of small par-
ticles or chips from the surface. Whether deformation or
fracture dominates the removal process depends on the
properties of the workpiece material and the cutting condi-
tions. With ceramics that exhibit a low toughness, the
removal of material often occurs by a brittle fracture pro-
cess, resulting in a machined surface that contains damage
in the form of microcracks. Since the processes of defor-
mation and fracture are related to the forces applied at the
interface of the workpiece surface with the cutting point, any
reduction of these forces decreases the tendency of the
workpiece to fracture in an uncontrolled manner. In the
cutting of a ceramic workpiece, cutting conditions that
increase the removal rate, while at the same time minimizing
the level of machining-induced damage, are to be desired.

Cutting fluids may have a substantial effect on cutting
efficiency and tool wear, as well as on the surface finish and
the surface and subsurface damage of the finished ceramic
article. In addition to reducing contact forces, which may be
accomplished by using additives in the cutting fluid that
reduce the coefficient of friction, the cutting process may
also be improved by controlling the temperature during the
cutting operation. The ability of a cutting fluid to remove
heat is an extremely important factor, since the thermal
stresses associated with high local temperatures may lead to
the formation of large microcracks during the cutting of
ceramic workpieces with low thermal conductivity. These
microcracks may later lead to the fracture and failure of the
finished ceramic article. The reduction of friction at the
cutting zone decreases the overall temperature in cutting,
since approximately 50% of the heat is generated from
sliding in the cutting zone, i.e., at the tool/workpiece and the
chip/tool interfaces. The remaining heat is generated from
deformations of the workpiece in the shear zone.

In general, cutting fluids used in machining may be
classified into three groups: mineral oils, soluble oils and
chemical (synthetic) fluids. Of these three, both soluble oils
and chemical fluids are water-based. Minerals oils, which
include a variety of performance enhancing additives, are
generally used in the low speed grinding of ceramics and in
metal cutting operations. Mineral oil cutting fluids typically
have very good lubricating properties but do not perform as
well as water-based cutting fluids in controlling temperature.
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In cutting operations with a large degree of heat genera-
tion, as for example in the cutting of a ceramic workpiece,
water-based cutting fluids are typically employed due to the
high heat capacity of water. Conventional soluble oils and
chemical fluids, however, both suffer from disadvantages.

Soluble oils are emulsions of oil in water, generally
containing a much greater amount of water than oil. While
soluble oils may have the high heat capacity of water-based
fluids in addition to the lubricating properties of mineral oils,
a major drawback of soluble oil cutting fluids is their milky
color. This milky color may obscure vision in the cutting
zone.

Chemical fluids are aqueous solutions of water-soluble
additives, which usually are present as about 5-10 wt. % of
the cutting fluid. While these fluids have excellent cooling
capacities and are transparent, chemical fluids do not typi-
cally have the lubricating capability of either mineral oils or
soluble oils.

As enumerated above, conventional cutting fiuids have a
number of drawbacks for machining ceramic workpieces
and, in particular, for use in cutting ceramic workpieces
where higher temperatures may be experienced. The envi-
ronmental aspects and disposal problems associated with
expended cutting fluids are also extremely important issues
in the design and selection of cutting fluid additives. Addi-
tives should, if at all possible, preferably be non-toxic,
non-flammable, biodegradable, and not present any handling
problems. There is, accordingly, a continuing need for safe,
inexpensive water-based cutting fluids with effective friction
reducing capabilities, which may be used in the cutting of
ceramic workpieces, and in particular, which may be used in
cutting oxide ceramic materials.

Several publications have shown that a coating of solid
boric oxide or solid boric acid (i.e., essentially free of any
liquid) may act as a lubricant in reducing the coefficient of
friction between contacting surfaces. Typically, the solid
coating is formed on at least one of the surfaces to be
lubricated using either boric acid or boric oxide in powdered
form.

Boric acid has also been proposed and/or employed as an
additive in metal cutting fluids, which may be used in the
cutting, grinding, polishing, or forming of metals. In many
of these applications, the boric acid is reacted with amines,
fatty acids, alcohols, or other hydrocarbons to form chemical
adducts that are utilized for friction reduction, corrosion
protection, and as bactericides and fungicides. In other
applications, boric acid and hydrocarbon compounds are
mixed with water for use as cutting fluids. In such cases,
although the boric acid is not intentionally reacted with the
hydrocarbon compounds, chemical adducts are believed to
be formed under the cutting conditions.

In addition, boric acid has been reported as being among
a number of additives in multi-component mixtures used in
conjunction with the drilling, polishing or grinding of rocks,
refractories, glass or ceramic articles. For example, aqueous
solutions, which include sodium tripolyphosphate, sodium
tetraborate, triethanolamine and boric acid together with
other additives such as hydrofluoric acid, ammonium flouro-
silicate, or hexamethylenetetramine, have been employed as
cutting fluids for the processing or machining of ceramic
articles. Multicomponent mixtures such as these are more
likely to be expensive, may prove to be more difficult to
optimize and are more likely to present environmental
and/or handling issues.
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4
SUMMARY OF THE INVENTION

The object of the present invention is to provide a method
of fabricating an oxide ceramic article which overcomes the
problems described above.

According to one aspect, the present invention provides a
method of fabricating an oxide ceramic article which
includes cutting an oxide ceramic workpiece in a cutting
zone and applying a cutting fluid to the cutting zone. The
cutting fluid includes an aqueous solution which contains a
sufficient amount of a boron compound to effectively pro-
vide lubrication. The boron compound is selected from the
group consisting of boric acid, alkali metal borates, alkaline
earth borates, aluminum borate, and mixtures thereof.

According to another aspect, the present invention pro-
vides a method of fabricating a steel article which includes
cutting a steel workpiece with at least one oxide ceramic
cutting point. The method of this embodiment includes
cutting the steel workpiece in a cutting zone with the oxide
ceramic cutting point and applying a cutting fluid, which
includes an aqueous solution which contains a sufficient
amount of a boron compound to provide effective lubrica-
tion, to the cutting zone. The steel workpiece may include
carbon steel, stainless steel or alloy steel.

Still another aspect of the invention is directed to a
method of fabricating an oxide ceramic article including
cutting an oxide ceramic workpiece with at least one cutting
point; and applying a cutting fluid to the cutting point and
the workpiece. The cutting fluid is an aqueous solution
which includes at least about 1 wt. % boric acid.

The present invention provides a safe, cost-effective,
environmentally acceptable, water-based cutting fluid for
use in cutting oxide ceramic workpieces. Further, the use of
this cutting fluid in the present method reduces the tangential
cutting force while maintaining or increasing the normal
(feed) cutting force. This combination of effects gives rise to
a resultant cutting force which enhances the cutting effect.
The increase in the normal component also leads to an
attenuation of tool vibration and improves the retention of
the cutting point in the cutting zone. Moreover, decreasing
the tangential component of the cutting force reduces power
consumption during cutting.

In addition to lowering the tangential cutting force during
cutting, the present invention provides a means of maintain-
ing the cutting point and ceramic workpiece at lower tem-
peratures during cutting operations. This is due to the
lubricating and cooling properties of the cutting fluid. The
combination of these factors permits oxide ceramic articles
to be cut with a reduction in the machining-induced damage
in the surface of the ceramic, i.e., with a reduction in the
number and size of microcracks in the machined surface and
in the amount of debris redeposited on the surface. The
method of this invention also allows oxide ceramics to be cut
to higher tolerances and to an improved surface finish (as
evidenced by a lower surface roughness).

Further, the lubricating and heat removal properties of the
cutting fluid of the present invention permits increased
cutting rates and prolonged life of the cutting tool. When
coupled with the reduction in power requirements and the
relatively low cost of the components of the cutting fluid, the
present method may lead to a major reduction in the total
fabrication costs of a ceramic article.

These and other objects and advantages of the present
invention will be apparent from the description of the
invention which follows.
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DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to a method of fabricating an
oxide ceramic article which includes cutting an oxide
ceramic workpiece and applying a cutting fluid to the cutting
zone.

For the purposes of the present invention, oxide ceramics
include crystalline materials, glass-bonded crystalline
aggregates and wholly amorphous materials. Oxide ceram-
ics also include composite materials, which include a sub-
stantial amount, e.g., at least 20% and preferably at least 50
wt. % of an inorganic oxide, together with other non-
metallic inorganic materials, such as inorganic carbides,
nitrides or borides.

The workpiece in the method of the present invention may
be configured in any one of a large variety of shapes,
including disks, cylinders, sheets, blocks or more complex
shapes. The precise configuration of any given workpiece
will obviously depend on the particular requirements of the
intended application.

The workpiece may include any oxide ceramic material
which is capable of being cut, e.g., of being turned or milled.
Typically, the workpiece includes aluminum oxide, silicon
oxide, zirconia, aluminosilicate or glass ceramic. Preferably,
the workpiece includes aluminum oxide or a glass ceramic.
The aluminum oxide may be o-aluminum oxide or any
phase or type of aluminum oxide. For some applications, the
workpiece may include a single crystal a-aluminum oxide,
e.g. sapphire.

The present invention is also useful for cutting work-
pieces which include a glass ceramic material, such as a
mica-reinforced glass ceramic. For example, a DICOR-
MGC™ workpiece may be fabricated into a ceramic article
using the method of the present invention. DICOR-MGC is
a tetrasilicic mica glass-ceramic based on a simple K,0—
MgF,—MgO0—SiO, quaternary system with additions of
alumina and zirconia. The microstructure of this material
consists of about 70 volume percent randomly oriented mica
crystals uniformly dispersed in a non-porous glass. Other
exemplary glass ceramics which may be used as workpieces
with the present method include those materials usually
identified as machinable glass ceramics.

For the purposes of this invention, cutting a ceramic
workpiece is defined to include turning, milling or drilling
the workpiece. In these operations, the cutting tool may have
single or multiple cutting points. In some operations, such as
single-point turning, a cutting tool having only a single
cutting point may be used. Single-point turning may be
carried out using either a sintered polycrystalline diamond
cutting point or a single crystal (monocrystalline) diamond
cutting point. In other operations, such as milling or drilling,
a plurality of cutting points may be employed.

The cutting point(s) should be sufficiently hard and strong
to penetrate the workpiece and to withstand the interactive
forces encountered during chip removal. Preferably, the ratio
of the hardness (in GPa) of the cutting point to the hardness
of the ceramic workpiece being machined should be at least
about 3:1, and more preferably at least about 5:1. In addi-
tion, the cutting point should have a high resistance to the
thermal and chemical degradative processes encountered
during cutting. The cutting point typically includes a mate-
rial with good flexural strength, fracture toughness, thermal
conductivity and chemical inertness. These properties are
important in determining the ability of a cutting point to
sustain cutting action with low wear rates. Minimizing
cutting point wear is an extremely important factor both in
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reducing the cost of cutting ceramic workpieces and in
avoiding workpiece damage and poor cutting performance.

The cutting point may include exemplary materials such
as diamond, tungsten carbide, silicon carbide, steel, cubic
boron nitride, silicon nitride, sialon and aluminum oxide.
The cutting point may also include a ceramic composite,
such as a composite formed from alumina, silicon nitride,
silicon carbide or sialon and other particulates or whiskers.
Other suitable cutting points which may be used in the
present invention, include coated cutting points, e.g., cutting
points which are coated with a layer of tungsten carbide,
titanium carbide or diamond. Due to its extreme hardness
and durability, diamond may be utilized in cutting points for
cutting a wide variety of oxide ceramic workpieces. Either
monocrystalline or polycrystalline diamond may be used
depending on the particular composition of the workpiece
and on the type of cutting operation. With softer oxide
ceramic workpieces, such as glass ceramics, cutting points
which include tungsten carbide, aluminum oxide, silicon
nitride, sialon or steel may be utilized.

The present invention includes the step of applying a
cutting fluid to the workpiece, and preferably to the cutting
point and the workpiece. In another preferred embodiment,
the cutting fluid is applied to the cutting zone, i.e., to the
cutting point-workpiece and cutting point-chip interfaces.
Typically, the cutting fluid is continuously sprayed onto the
workpiece or the cutting zone during cutting operations. The
cutting fluid serves a number of functions. The primary
functions are to carry away chips produced by the cutting
process and to control the temperature of the workpiece and
the cutting point. In addition, the cutting fluid may also serve
to lubricate the cutting zone, thereby limiting the frictional
heating that occurs during cutting. Although the mechanism
by which the cutting fluid lubricates the workpiece in the
present method is not fully understood, it is believed that the
boron compound may react with and thereby become incor-
porated into the surface of the workpiece.

In one embodiment, the cutting fluid includes an aqueous
solution which contains a sufficient amount of a boron
compound to effectively provide lubrication. The boron
compound is typically selected from the group consisting of
boric acid, alkali metal borates, (e.g., sodium borate, which
is also known as sodium tetraborate), alkaline earth borates,
(e.g., magnesium borate or calcium borate), aluminum
borate, and mixtures thereof. The aqueous solution of the
boron compound may be prepared using dehydrated forms
of boric acid, e.g., boric oxide (B,0), metaboric acid
(HBO,) or pyroboric acid (H,B,0,), as well as from boric
acid or a salt of boric acid. Preferably, the cutting fluid
includes at least about 1 wt. % boric acid. More preferably,
the cutting fluid includes from about 2 wt. % to about 6 wt.
% and, most preferably, about 4 wt. % boric acid.

In another preferred embodiment, the cutting fluid is an
aqueous solution of the boron compound. In yet anothcr
preferred embodiment, the cutting fluid is an aqueous solu-
tion which includes at least about 1 wt. % boric acid, and
more preferably about 4 wt. % boric acid.

The cutting fluid typically has a pH which is close to
neutral. Preferably, the pH of the cutting fluid is from about
5 to about 9 and, more preferably, from about 6 to about 8.
If the pH of the cutting fluid is below about 5 or is greater
than about 9, excessive corrosion of the machine tool
components may occur.

The cutting fluid may be made using any reasonably pure
water, that is any water which is substantially free of
particulates, such as ordinary tap water. Preferably, the
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cutting fluid is also substantially free of organic compounds,
e.g., alcohols, and/or of an inorganic phosphorus-containing
compounds or salts thereof. _

In one embodiment of the present invention, high purity
water is used to produce the cutting fluid. For the purposes
of this invention, high purity water includes any water which
is substantially free of particulates, dissolved solids and
soluble organic compounds. For example, high purity water
may be obtained by a number of methods including distil-
lation, passage through an ion exchange resin, or by passage
through a semipermeable membrane, e.g. by reverse osmo-
sis.

A number of specific embodiments of the present inven-
tion are described in the examples set forth below. These
examples are offered by way of illustration and not by way
of limitation.

EXAMPLE 1

Tumning of Aluminum Oxide Workpieces

High-purity aluminum oxide (Coors AD998) workpieces
were turned on a CNC machining center using polycrystal-
line diamond compact tool inserts. The workpieces were
turned under a variety of conditions which included varia-
tions in the depth of cut (0.10-0.20 mm), feed rate (5-10
mm/min) and spindle speed (400-600 rpm). The turning
experiments were carried out using one of four different
cutting fluids, (i) a mineral oil (ii) pure distilled water, (iii)
a solution of 1 wt. % boric acid in distilled water or (iv) a
solution of 4 wt. % boric acid in distilled water. During
turning operations, the tangential and normal cutting forces
were measured using a set of strain gauges attached to the
tool holder. The surface roughness of the finished ceramic
articles, produced by turning the aluminum oxide work-
pieces, was determined by surface profilometer.

In comparison with pure water or a commercial cutting
fluid, a reduction in machine tool vibration and noise was
observed with the addition of boric acid to water. The use of
the 4 wt. % boric acid solution as a cutting fluid produced
a slight increase in the normal cutting force (relative to pure
water). The tangential cutting force under all turning con-
ditions was reduced by the use of the 4 wt. % boric acid
cutting fluid (relative to either mineral oil or pure water). A
reduction in the tangential cutting force was also obtained
using the 1 wt. % boric acid cutting fluid (relative to pure
water). The extent of the reduction was not as great as that
seen with the 4 wt. % boric acid solution.

The average surface roughness over all the turning experi-
ments was 1.10 micrometers with the aqueous 4 wt. % boric
acid cutting fluid versus 2.06 micrometers using pure dis-
tilled water as the cutting fluid. A relative reduction in
surface roughness as high as 79% was achieved under
comparable turning conditions with the aqueous 4 wt. %
boric acid cutting fluid (versus that achieved using pure
water). The lowest values of surface roughness achieved
using the 4 wt. % boric acid solution, ie., 0.53-0.63
micrometers, are acceptable values for many engineering
applications. Workpieces turned with the aqueous 4 wt. %
boric acid also showed an improvement in surface quality,
ie., the formation of fewer and smaller microcracks, in
contrast with workpieces turned with pure distilled water as
the cutting fluid.

EXAMPLE 2

Milling of Mica-Reinforced Glass Ceramic
Workpieces

Mica reinforced glass dental ceramic (DICOR-MGC)
workpieces were milled using a high speed steel end mill.
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The workpieces were milled under a variety of milling
conditions which included variations in the depth of cut
(0.05-0.10 mm), feed rate (10-20 mm/min)and spindle
speed (200—400 rpm). During milling operations, a cutting
fluid spray was introduced at the cutting tool-workpiece
interface. The milling experiments were carried out using
one of two different cutting fluids, pure distilled water or a
solution of 4 wt. % boric acid in distilled water.

The surface roughness of the finished ceramic articles,
produced by milling the glass ceramic workpieces, was
determined by surface profilometer. A relative reduction in
surface roughness as high as 79% was achieved with the
aqueous boric acid cutting fluid. The average surface rough-
ness over all the milling experiments was 4.96 micrometers
using pure distilled water as the cutting fluid versus 3.39
micrometers with the aqueous boric acid cutting fluid.

EXAMPLE 3

Turning of Stainless Steel Workpieces with Oxide
Ceramic Cutting Points

Stainless steel workpieces may be turned on a CNC
machining center using oxide ceramic tool inserts. The
workpieces may be turned under a variety of conditions
which include variations in the depth of cut, feed rate and
spindle speed. The turning experiments may be carried out
using one of three different cutting fluids, (i) pure distilled
water, (ii) a solution of 1 wt. % boric acid in distilled water
or (iii) a solution of 4 wt. % boric acid in distilled water.

The surface roughness of the finished stainless steel
articles, produced by turning the stainless steel workpieces,
may be determined by surface profilometer. A relative reduc-
tion in surface roughness may be achieved with the aqueous
boric acid cutting fluids as compared to the use of pure
distilled water as the cutting fluid.

Although the present invention has been described in
terms of exemplary embodiments, it is not limited to these
embodiments. Alternative embodiments, examples, and
modifications which would still be encompassed by the
invention may be made by those skilled in the art, particu-
larly in light of the foregoing teachings. Therefore, the
following claims are intended to cover any alternative
embodiments, examples, modifications, or equivalents
which may be included within the spirit and scope of the
invention as defined by the claims.

What is claimed is:

1. A method of fabricating an oxide ceramic article
comprising cutting an oxide ceramic workpiece in a cutting
zone, and applying a cutting fluid which includes an aqueous
solution containing a sufficient amount of a boron compound
to effectively provide lubrication to the cutting zone,
wherein the boron compound is selected from the group
consisting of boric acid, boric oxide, alkali metal borates,
alkaline earth metal borates, aluminum borate, and mixtures
thereof, wherein said aqueous solution is substantially free
of organic compounds.

2. The method according to claim 1 wherein cutting the
oxide ceramic workpiece comprises turning, milling or
drilling the workpiece.

3. The method according to claim 2 comprising turning,
milling or drilling the workpiece with at least one cutting
point.

4. The method according to claim 3 comprising turning
the workpiece with a single cutting point.

5. The method according to claim 1 comprising cutting an
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oxide ceramic workpiece, which includes aluminum oxide,
silicon oxide, zirconia, aluminosilicate or glass ceramic.

6. The method according to claim 5 wherein the glass
ceramic comprises a mica-reinforced glass ceramic.

7. The method according to claim 5 wherein the alumi-
num oxide comprises a-aluminum oxide.

8. The method according to claim 1 wherein the cutting
fluid includes at least about 1 wt. % boric acid.

9. The method according to claim 1 wherein the boron
compound is boric acid.

10. The method according to claim 3 wherein the cutting
point comprises diamond, silicon carbide, tungsten carbide,
steel, cubic boron nitride, silicon nitride, sialon, aluminum
oxide or titanjum carbide.

11. The method according to claim 3 wherein the cutting
point is a coated cutting point.

12. The method according to claim 1 wherein applying the
cutting fluid to the workpiece comprises spraying the cutting
fluid onto the cutting zone.

13. The method according to claim 1 wherein the cutting
fluid comprises high purity water. .

14. The method according to claim 1 wherein the cutting
fluid has a pH of from about 5 to about 9.

15. The method according to claim 1 wherein the cutting
fluid is substantially free of an inorganic phosphorus-con-
taining compound or a salt thereof.

16. The method according to claim 1 wherein cutting the
oxide ceramic workpiece comprises turning an aluminum
oxide ceramic workpiece with a single cutting point which
includes diamond; and wherein the cutting fluid comprises
about 4 wt. % boric acid in water.

17. The method according to claim 1 wherein cutting the
oxide ceramic workpiece comprises milling a mica-rein-
forced glass ceramic workpiece with at least one cutting
point, which includes tungsten carbide or steel; and wherein
the cutting fluid comprises about 4 wt. % boric acid in water.

18. A method of fabricating a ceramic workpiece com-
prising:

turning, milling, or drilling an oxide ceramic workpiece

with at least one cutting point; and

applying a cutting fluid, which is an aqueous solution of

boric acid, said solution being substantially free of
organic compounds, to the workpiece and the cutting
point.

19. The method according to claim 18 comprising turning
the oxide ceramic workpiece with a single cutting point.

10

15

20

25

30

35

40

45

10

20. A method of fabricating a steel article comprising
cutting a steel workpiece in a cutting zone with at least one
oxide ceramic cutting point, and applying a cutting fluid
which includes an aqueous solution containing a sufficient
amount of a boron compound to effectively provide lubri-
cation to the cutting zone, wherein the boron compound is
selected from the group consisting of boric acid, boric oxide,
alkali metal borates, alkaline earth metal borates, and mix-
tures thereof, wherein said aqueous solution is substantially
free of organic compounds.

21. A method of fabricating an oxide ceramic article
comprising cutting an oxide ceramic workpiece in a cutting
zone, and applying a cutting fluid consisting essentially of
water and a sufficient amount of a boron compound to
effectively provide lubrication to the cutting zone, wherein
said boron compound is selected from the group consisting
of boric acid, boric oxide, alkali metal borates, alkaline earth
metal borates, aluminum borate, and mixtures thereof.

22. A method of fabricating a ceramic workpiece com-
prising:

turning, milling, or drilling a ceramic workpiece with at

least one cutting point; and

applying a cutting fluid consisting essentially of water and

boric acid to the workpiece and the cutting point.

23. A method of fabricating a steel article comprising
cutting a steel workpiece in a cutting zone with at least one
oxide ceramic cutting point, and applying a cutting fluid
consisting essentially of water and a sufficient amount of a
boron compound to effectively provide lubrication to the
cutting zone, wherein the boron compound is selected from
the group consisting of boric acid, boric oxide, alkali metal
borates, alkaline earth metal borates, and mixtures thereof.

24. A method according to claim 21, wherein said aqueous
solution is substantially free of inorganic phosphorus-con-
taining compounds or any salt thereof.

25. A method according to claim 22, wherein said aqueous
solution is substantially free of inorganic phosphorus-con-
taining compounds or any salt thereof.

26. A method according to claim 23, wherein said aqueous
solution is substantially free of inorganic phosphorus-con-
taining compounds or any salt thereof.

27. A method according to claim 18, wherein said cutting
fluid includes at least about 1 wt. % boric acid.



